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Abstract
Background: The importance of SA (Successful aging) has been emphasized in recent years, with focus shifting
towards attaining healthier aging rather than longevity. However, the influence of SA and its changes on mental
health such as depression remains a relatively unexplored area in gerontology. Therefore, we investigated the
longitudinal association between changes in SA and depressive symptoms in Korean older adults.
Methods: This study comprised a longitudinal sample of older adults aged ≥ 45 years, drawn from the Korean
Longitudinal Study of Aging (2006–2018). Changes in SA status was determined using the Rowe and Kahn model
over two consecutive years. Using an adjusted generalized estimating equation model, we examined the
association between changes in successful aging status, namely SA and NSA (Non-successful aging), and depressive
symptoms.
Results: Compared to the SA→SA group, depressive symptom risk in the NSA→NSA and SA→NSA groups were
higher in men [(OR, 1.16; 95 % CI, 1.13–1.18), (OR, 1.11; 95 % CI, 1.08–1.13), respectively] and in women [(OR, 1.15;
95 % CI, 1.13–1.18), (OR, 1.11; 95 % CI, 1.09–1.14), respectively]. Subgroup analysis of the dimensions of successful
aging revealed that low or worsening criteria of successful aging status in men and women were associated with
depressive symptoms.
Conclusions: Korean older adults who continuously failed to attain or maintain successful aging status had the
highest risk of depressive symptoms. These results could further assist in establishing policies and interventions that
promote successful aging and subsequently protect the mental health of the Korean older adult population.
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Background
As the average life expectancy worldwide increases, and
we progress towards a more aged society, the world has
shifted its focus to tackling the burden that comes along
with an aging demographic as well as describing and de-
fining processes leading to healthier, more successful
aging. The model of SA is multidimensional and refers
to aging healthily despite aging-related challenges [1].
There is no consensus on the exact characterization
of SA. Nevertheless, a plethora of studies have
adopted the Rowe and Kahn model of successful
aging, often with a few minor alterations to the
model [2]. The Rowe and Kahn model defines
successful aging as having: (1) no major chronic
diseases or disability, (2) high physical and cognitive
functioning, and (3) an active social life [3].
Previous studies have shown that successful aging is
not a final state, but an ever-changing continuum of
adaptation and development in the physical and psycho-
social context [4–6]. In addition, Stowe et al. discussed
the wide and prolific use of the Rowe and Kahn model,
stating that its use still has great implications in current
gerontological research, albeit requiring a few modifica-
tions [7]. Additionally, the authors named the static view
of the Rowe and Kahn model as one of its weak points,
emphasizing that SA should be viewed as a lifelong and
dynamic process [7]. Although many existing studies
considered SA as fixed end-point criteria [8, 9], recent
research has begun to shift focus towards the dynamic
aspect of SA, suggesting that SA undergoes various
changes and trajectories over time. A study by Bosnes
et al. highlighted the importance of aging and SA, and
monitored SA temporally, looking at components of the
Rowe and Kahn model, individually and combined [10].
Due to the large proportion of older adults in South
Korea, research regarding successful and healthy aging
has been increasing over the years. Successful aging in
Korea, as defined by Rowe and Kahn’s model, was found
to be linked to decreased risk of mortality [11] and bet-
ter mental health outcomes such as improved life satis-
faction [12]. Another recent study by Nakagawa et al.
compared the prevalence of successful aging between
Japan, Korea, and China using the Rowe and Kahn
model [13]. The estimated prevalence of successful aging
in Korea was found to be 25.5 % [13].
Increasing evidence shows that mental illnesses and
aging trajectories share overlapping pathological path-
ways, and faster rate of biological aging or “accelerated
aging” often coexists with psychiatric disorders such as
depression [14]. Depression in older age is of great pub-
lic health significance and is linked to increased suicide,
mortality, and health deterioration [15]. The prevalence
of depressive disorders in the Korean older population
was reported to be higher than in their western
counterparts [15], and the prevalence was estimated to
be 35.4 % in those older than 80 years [15, 16].
Prior research looked at depression as a predictor of
SA [17], as well as the cross-sectional relationship
between individual subcomponents of SA and depres-
sion [18]. Nevertheless, considering the sizable preva-
lence of SA and depressive symptoms in Korea, it is
necessary to explore how the overall SA framework in-
fluences depressive symptoms over time compared to
non-successful aging to address gaps in knowledge. We
hypothesized that SA classified by meeting Rowe and
Kahn’s criteria may change over time, and older adults
not meeting SA criteria may experience greater risk of
depressive symptomology. Thus, the primary aim of this
study was to examine the longitudinal association be-
tween changes in successful aging status and depressive
symptoms in the Korean older population.
Methods
This study derived data from the 1st to the 7th wave of
the Korean Longitudinal Study of Aging (KLoSA) from
2006 to 2018. The KLoSA is an ongoing, large-scale lon-
gitudinal study aimed at tackling the emerging health
and social burden associated with rapid population
aging. Nationally representative data were collected and
ensured by using multistage stratified probability sam-
pling on Korean residents aged ≥ 45 years. In 2006, 10,
254 respondents were interviewed in the original base-
line sample. More detailed information regarding the
KLoSA survey can be found on the panel website
(https://survey.keis.or.kr/eng/klosa/klosa01.jsp).
After excluding those who failed to follow up as
well as those with missing or incomplete data, 9,689
participants were included in 2006; 7,856 in 2008; 6,
972 in 2010; 6,569 in 2012; 6,291 in 2014; 5,931 in
2016; and 5,436 in 2018. The flowchart of participants
and the selection process are shown in detail in
Fig. 1.
The main outcome measure in our study was depres-
sive symptoms. We followed the criteria set for depres-
sion by the Center for Epidemiologic Studies [19]. The
KLoSA uses CES-D10, which is the validated, concise
version that consists of 10 items listed in the original 20-
item version [20]. The total sum of the depression score
was 10 points, with higher scores indicating higher
depressive symptoms, and we used the recommended
cut-off score of 3 points to indicate depressive symptom-
atology at baseline [21].
Our study’s key independent variable was the change
in successful aging status. We utilized the Rowe and
Kahn Model to define the criteria for successful aging,
“absence of disease and disease-related disabilities,”
“maintenance of high mental and physical function,” and
“continued engagement with life,” while excluding
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chronic diseases. The rationale behind this decision was
that we did not find it feasible to investigate the change
in the absence of chronic diseases. We followed the
characterization and operationalization of successful
aging implemented by prior studies in Korea [11], albeit
with a few alterations. For the “absence of disability”
domain, activities of daily living (ADL) and instrumental
activities of daily living (IADL) were used. The respon-
dents were classified as being free from disabilities if
they had no difficulties in performing ADL, and if they
had more than one limitation in the IADL. For the
“maintenance of high mental and physical function” do-
main, cognitive function as representative for high men-
tal functioning, and handgrip strength as an indicator
for high physical function were used. The Korean ver-
sion of the Mini Mental State Examination (MMSE-K)
was used to assess if the subjects’ cognitive functions
were normal; a score lower than 24 indicated impaired
cognitive function [11]. Handgrip strength was dichoto-
mized based on the median value of gender-specific
handgrip strength [11, 22]. The “continued engagement
with life” domain was determined by asking respondents
if they participated in any social activities, and they were
considered socially engaged if they partook in at least
one social activity, including religious activities, volun-
teering activities, leisure/sports activities, alumni associa-
tions, political parties, and nongovernmental
organizations [11]. The operationalization of our main
independent variable is further explained in Table 1.
The subjects were classified as “SA” if they satisfied all
five indicators of the three domains [11, 23], otherwise
they were categorized as “NSA”. Changes in SA status
were investigated by measuring whether SA was present
in the prior year and if the conditions for SA were still
met in the succeeding year following a 2-year interval.
On this basis, we recognized four different SA profiles
and categorized respondents into the following groups:
NSA→NSA, SA→NSA, NSA→SA, and SA→SA.
Covariates included in our analysis were gender; age
(45–54, 55–64, and ≥ 65 years); education level (Middle
school degree or lower, High School degree, and Univer-
sity degree or higher); income level per month calculated
per wave and divided into quartiles (low, middle low,
middle high, and high); marital status (Married and
Unmarried); economic activity (Active and Inactive); re-
gion (Urban and Rural); physical activity calculated as
the total time spent partaking in regular exercise (mi-
nutes/week), and if they exercised for ≥ 150 min/week
Fig. 1 Flowchart of the study participants from 2006–2018
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then it was coded as ‘Yes’, otherwise it was coded as
‘No’; drinking (Current, Past, and Never); smoking
(Current, Past, and Never); BMI (Overweight ≥ 25 kg/
m2, Normal 18.6–24.9 kg/m2, and Underweight <
18.6 kg/m2); and number of chronic diseases (including
hypertension, diabetes, cancer, lung disease, heart
disease, and cerebrovascular disease).
The baseline differences between characteristics of
the respondents by gender were determined using
the χ2 test. Considering the longitudinal nature of
our data, a generalized estimating equation (GEE)
model was employed for a repeated measure analysis,
and a lag function was applied to determine whether
SA was present or absent in the previous and follow-
ing years. In total, seven waves (2006–2018) were
used for the analysis, and repeat measurements were
carried out for each individual for up to six times.
We investigated the risk of depressive symptoms fol-
lowing a successful aging transition over an interval
of two consecutive years. The GEE model was ad-
justed for confounding effects, using the following
covariates: age, educational level, income, marital
status, economic activity, region, physical activity,
drinking, smoking, and number of chronic diseases.
Furthermore, two subgroup analyses were carried out
as well to further understand the relationship be-
tween SA changes and depressive symptoms; one
looked at the combined effects of SA changes and
other covariates on depressive symptoms. The other
subgroup analysis was conducted to investigate the
association of changes of individual components of
SA and depressive symptoms. Statistical significance
was set at p < 0.05. All statistical analyses were con-
ducted using SAS software (version 9.4; SAS Inc.,
Cary, NC, USA).
Results
The respondents’ general characteristics at baseline
(2006–2008) are shown in Table 2. In total, 7,856 people
were included in the baseline year (3,463 men and 4,393
women). The total prevalence of depression in the par-
ticipants was 47.5 % for men and 60.1 % for women.
Men and women in the SA→SA group comprised 35.2
and 32.9 % of the total study population, respectively.
Table 3 presents the GEE model results of the associ-
ation between changes in SA status and the risk of de-
pressive symptoms. Overall, men and women had
similar odds of experiencing depressive symptoms in the
NSA→NSA group. Those in the NSA→NSA group, had
the highest odds of depression in men (OR, 1.16; 95 %
CI, 1.13–1.18) and in women (OR, 1.15; 95 % CI, 1.13–
1.18). The odds of depression in the SA→NSA group
were observed in men (OR, 1.11; 95 % CI, 1.08 − 1.13)
and in women (OR, 1.11; 95 % CI, 1.09–1.14). Those in
the NSA→SA group had the lowest risk of depression in
men (OR, 1.03; 95 % CI, 1.00–1.05) and in women (OR,
1.06; 95 % CI, 1.03–1.08), despite this association not
being statistically significant in men.
The independent subgroup analysis results of the var-
iables associated with the effect of the changes in SA
status on depression are shown in Table 4. Men who
were ≥ 65 years of age and in the NSA→NSA group
(OR, 1.20; 95 % CI, 1.17–1.24) had increased odds of
depressive symptoms. Those who were past drinkers
(OR, 1.19; 95 % CI, 1.13–1.26), past smokers (OR, 1.20;
95 % CI, 1.15–1.24), underweight (OR, 1.37; 95 % CI,
1.17–1.59), and in the NSA→NSA group had higher
probabilities of having depressive symptoms than those
in other groups. Furthermore, men in the NSA→NSA
group who had more than two comorbidities had the
greatest risks of elevated depressive symptoms (OR,
1.18; 95 % CI, 1.12–1.24. Similarly, women in the
NSA→NSA group and were ≥ 65 years of age (OR,
1.18; 95 % CI, 1.14–1.21), current drinkers (OR, 1.22;
95 % CI, 1.17–1.28), current smokers (OR, 1.21; 95 %
CI, 1.01–1.44), and underweight (OR, 1.25; 95 % CI,
1.12–1.39), were more likely to have depressive symp-
toms than those in other groups. In addition, women in
the NSA→NSA group with more than two comorbidi-
ties (OR, 1.19; 95 % CI, 1.13–1.26) had the highest risks
of depressive symptoms.
Table 5 shows the longitudinal analysis results of the
effect of each component of the two-year change in SA
status on the risk of depressive symptoms. Men with
Table 1 Definition of Successful Aging according to the Korean Longitudinal Study of Ageing
Domain Variables Successful Aging (SA) Non-Successful Aging (NSA)
Absence of disability ADL 0 ≥ 1
IADL 0–1 ≥ 2
Maintenance of high mental and physical
function
MMSE-K ≥ 24 < 24




Continued engagement with life Social
activities
Participation in one or more activity 0
Abbreviation: ADL Activities of Daily Living; IADL Instrumental Activities of Daily Living; MMSE-K Korean form of the Mini Mental State Examination;
HG Handgrip Strength
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Table 2 General characteristics of study population at baseline (2006→2008) (N=7,856)
Variables Total Men Total Women
Depressive symptoms (CES-
D10 ≥3)
P-value Depressive symptoms (CES-
D10 ≥3)
P-value
Yes No Yes No
N (%) N (%) N (%) N (%) N (%) N (%)
Total 3,463 (100.0) 1,645 (47.5) 1,818 (52.5) 4,393 (100.0) 2,639 (60.1) 1,754 (39.9)
Change in successful aging <.0001 <.0001
NSA→ NSA 1,273 (36.8) 792 (62.2) 481 (37.8) 1,793 (40.8) 1,326 (74.0) 467 (26.0)
SA→NSA 501 (14.5) 279 (55.7) 222 (44.3) 562 (12.8) 358 (63.7) 204 (36.3)
NSA→SA 469 (13.5) 182 (38.8) 287 (61.2) 592 (13.5) 314 (53.0) 278 (47.0)
SA→SA 1,220 (35.2) 392 (32.1) 828 (67.9) 1,446 (32.9) 641 (44.3) 805 (55.7)
Age <.0001 <.0001
45-54 911 (26.3) 345 (37.9) 566 (62.1) 1,225 (27.9) 559 (45.6) 666 (54.4)
55-64 1,045 (30.2) 432 (41.3) 613 (58.7) 1,201 (27.3) 650 (54.1) 551 (45.9)
≥ 65 1,507 (43.5) 868 (57.6) 639 (42.4) 1,967 (44.8) 1,430 (72.7) 537 (27.3)
Education level <.0001 <.0001
Lower than middle school 1,076 (31.1) 644 (59.9) 432 (40.1) 2,490 (56.7) 1,726 (69.3) 764 (30.7)
Middle school graduate 596 (17.2) 292 (49.0) 304 (51.0) 724 (16.5) 391 (54.0) 333 (46.0)
High School graduate 1,197 (34.6) 498 (41.6) 699 (58.4) 981 (22.3) 451 (46.0) 530 (54.0)
University graduate 594 (17.2) 211 (35.5) 383 (64.5) 198 (4.5) 71 (35.9) 127 (64.1)
Income level <.0001 <.0001
Low 1,148 (33.2) 674 (58.7) 474 (41.3) 1,762 (40.1) 1,253 (71.1) 509 (28.9)
Middle Low 835 (24.1) 404 (48.4) 431 (51.6) 964 (21.9) 569 (59.0) 395 (41.0)
Middle High 812 (23.4) 325 (40.0) 487 (60.0) 934 (21.3) 479 (51.3) 455 (48.7)
High 668 (19.3) 242 (36.2) 426 (63.8) 733 (16.7) 338 (46.1) 395 (53.9)
Marital status <.0001 <.0001
Married 3,171 (91.6) 1,448 (45.7) 1,723 (54.3) 3,031 (69.0) 1,659 (54.7) 1,372 (45.3)
Unmarried 292 (8.4) 197 (67.5) 95 (32.5) 1,362 (31.0) 980 (72.0) 382 (28.0)
Economic activity <.0001 <.0001
Active 2,053 (59.3) 808 (39.4) 1,245 (60.6) 1,321 (30.1) 675 (51.1) 646 (48.9)
Inactive 1,410 (40.7) 837 (59.4) 573 (40.6) 3,072 (69.9) 1,964 (63.9) 1,108 (36.1)
Region <.0001 <.0001
Urban 2,610 (75.4) 1,152 (44.1) 1,458 (55.9) 3,328 (75.8) 1,914 (57.5) 1,414 (42.5)
Rural 853 (24.6) 493 (57.8) 360 (42.2) 1,065 (24.2) 725 (68.1) 340 (31.9)
Physical activity <.0001 <.0001
Yes 1,098 (31.7) 444 (40.4) 654 (59.6) 1,167 (26.6) 567 (48.6) 600 (51.4)
No 2,365 (68.3) 1,201 (50.8) 1,164 (49.2) 3,226 (73.4) 2,072 (64.2) 1,154 (35.8)
Drinking <.0001 <.0001
Current 2,105 (60.8) 902 (42.9) 1,203 (57.1) 828 (18.8) 440 (53.1) 388 (46.9)
Past 563 (16.3) 339 (60.2) 224 (39.8) 184 (4.2) 122 (66.3) 62 (33.7)
Never 795 (23.0) 404 (50.8) 391 (49.2) 3,381 (77.0) 2,077 (61.4) 1,304 (38.6)
Smoking 0.5092 <.0001
Current 1,315 (38.0) 621 (47.2) 694 (52.8) 137 (3.1) 104 (75.9) 33 (24.1)
Past 918 (26.5) 460 (50.1) 458 (49.9) 43 (1.0) 29 (67.4) 14 (32.6)
Never 1,230 (35.5) 564 (45.9) 666 (54.1) 4,213 (95.9) 2,506 (59.5) 1,707 (40.5)
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onset of ADL limitations (OR, 1.27; 95 % CI, 1.22–1.32),
no change in IADL limitations (OR, 1.14; 95 % CI, 1.11–
1.18), continuous non-participation in social activities
(OR, 1.12; 95 % CI, 1.09–1.15), no improvement in cog-
nitive functioning (OR, 1.19; 95 % CI, 1.16–1.23), and
consistent low physical functioning (OR, 1.13; 95 % CI,
1.11–1.16), had statistically significant increased risks of
depressive symptoms. Similarly, women with onset of
ADL limitations (OR, 1.17; 95 % CI, 1.09–1.20), no
change in IADL limitations (OR, 1.16; 95 % CI, 1.12–
1.20), continuous non-participation in social activities
(OR, 1.07; 95 % CI, 1.04–1.09), no improvement in cog-
nitive functioning (OR, 1.15; 95 % CI, 1.12–1.17), and
continuous low physical functioning (OR, 1.13; 95 % CI,
1.11–1.15), had the greatest risks of depressive
symptoms.
Discussion
Our study presented a new viewpoint to further compre-
hend the multifaceted nature of successful aging by lon-
gitudinally examining its association with depressive
symptoms. Our findings reported that a change of SA to
NSA or consistent NSA over a span of two years pre-
dicted a higher risk of depressive symptoms in middle
aged and older adults after two years. Notably, the
prevalence of depressive symptoms was higher in
women than in men, particularly in the NSA→NSA
group (74 % in women vs. 62.2 % in men). Although evi-
dence has been inconsistent, previous research has sug-
gested that, particularly in women, an inverse
relationship exists between SA and depression [24]. The
explanation offered was that women were more likely to
report depressive symptoms and less likely to success-
fully age [25], thereby playing a potential role in gender
disparities. Despite this, our study did not find any
marked sex differences in reported ORs of association
between SA and depressive symptoms, suggesting that
2-year SA changes had similar influences on depressive
symptoms in both Korean older men and women.
Cross-study comparisons are difficult due to variations
in successful aging criteria and lack of longitudinal stud-
ies; however, previous evidence suggests an inverse
cross-sectional relationship between SA and depression.
A descriptive study by Shin et al. investigated the correl-
ation between SA, measured using a Korean elderly suc-
cessful aging scale, and depression in elderly women,
noting that the two factors had a significant inverse cor-
relation [26]. A study conducted in Brazil used active
aging, a concept similar to successful aging, having a
common feature of social activity participation, stated
that older adults who actively aged had a lower preva-
lence of depression after controlling for multiple con-
founders [27].While the exact mechanism behind the
relationship between SA and depression remains un-
known, we hypothesized that compared to those met cri-
teria for SA, those who could not meet criteria for SA
feel discouraged and hopeless due to the accumulation
of multiple burdens (such as cognitive decline, disability,
and limited social circle and activity), thereby causing
feelings of depression [28].
Among those who consistently did not meet the Rowe
and Kahn criteria for SA, those in the oldest age group
had the highest risk of depressive symptoms, in both
men and women. The highest risk of depression in the
≥ 65 years age group could be attributed to the aging
process, inability to age successfully, and worsening
health, thereby negatively affecting the psychological
state of mind [29], leading to depressive symptoms. NSA
in men and women, who were current drinkers and
current smokers, exhibited high risks of depressive
symptoms. The influence of drinking and smoking on
depression in the elderly has been established in
Table 2 General characteristics of study population at baseline (2006→2008) (N=7,856) (Continued)
Variables Total Men Total Women
Depressive symptoms (CES-
D10 ≥3)
P-value Depressive symptoms (CES-
D10 ≥3)
P-value
Yes No Yes No
N (%) N (%) N (%) N (%) N (%) N (%)
Total 3,463 (100.0) 1,645 (47.5) 1,818 (52.5) 4,393 (100.0) 2,639 (60.1) 1,754 (39.9)
BMI <.0001 0.1892
Overweight 650 (18.8) 257 (39.5) 393 (60.5) 1,051 (23.9) 626 (59.6) 425 (40.4)
Normal 2,695 (77.8) 1,309 (48.6) 1,386 (51.4) 3,168 (72.1) 1,893 (59.8) 1,275 (40.2)
Underweight 118 (3.4) 79 (66.9) 39 (33.1) 174 (4.0) 120 (69.0) 54 (31.0)
Number of chronic diseases <.0001 <.0001
0 1,961 (56.6) 802 (40.9) 1,159 (59.1) 2,449 (55.7) 1,307 (53.4) 1,142 (46.6)
1 1,024 (29.6) 546 (53.3) 478 (46.7) 1,323 (30.1) 858 (64.9) 465 (35.1)
≥2 478 (13.8) 297 (62.1) 181 (37.9) 621 (14.1) 474 (76.3) 147 (23.7)
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Table 3 Association between change in successful aging status and depressive symptoms
Variables Depressive symptoms (CES-D10 ≥ 3)
Men Women
Adjusted OR 95% CI Adjusted OR 95% CI
Change in successful aging
NSA→ NSA 1.16 (1.13 - 1.18) 1.15 (1.13 - 1.18)
SA→NSA 1.11 (1.08 - 1.13) 1.11 (1.09 - 1.14)
NSA→SA 1.03 (1.00 - 1.05) 1.06 (1.03 - 1.08)
SA→SA 1.00 - 1.00 -
Age
45–54 1.00 - 1.00 -
55–64 0.96 (0.94 - 0.99) 0.98 (0.96 - 1.00)
≥ 65 0.96 (0.93 - 0.99) 0.97 (0.94 - 1.00)
Education Level
Lower than middle school 1.10 (1.06 - 1.14) 1.11 (1.06 - 1.16)
Middle school graduate 1.05 (1.01 - 1.09) 1.05 (1.00 - 1.10)
High School graduate 1.04 (1.01 - 1.08) 1.03 (0.98 - 1.08)
University graduate 1.00 - 1.00 -
Income level
Low 1.04 (1.02 - 1.07) 1.06 (1.04 - 1.09)
Middle Low 1.04 (1.02 - 1.07) 1.03 (1.01 - 1.06)
Middle High 1.01 (0.99 - 1.04) 1.01 (0.99 - 1.03)
High 1.00 - 1.00 -
Marital status
Married 1.00 - 1.00 -
Unmarried 1.17 (1.13 - 1.20) 1.07 (1.05 - 1.10)
Economic activity
Active 1.00 - 1.00 -
Inactive 1.10 (1.07 - 1.12) 1.06 (1.04 - 1.08)
Region
Urban 0.98 (0.96 - 1.00) 0.99 (0.97 - 1.01)
Rural 1.00 - 1.00 -
Physical activity
Yes 1.00 - 1.00 -
No 1.05 (1.03 - 1.07) 1.05 (1.03 - 1.07)
Drinking
Current 0.98 (0.95 - 1.00) 0.97 (0.94 - 0.99)
Past 1.04 (1.01 - 1.08) 1.01 (0.98 - 1.04)
Never 1.00 - 1.00 -
Smoking
Current 1.00 (0.97 - 1.02) 1.08 (1.03 - 1.14)
Past 0.98 (0.96 - 1.01) 1.00 (0.94 - 1.06)
Never 1.00 - 1.00 -
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previous studies [30, 31]. Furthermore, the relationship
between alcohol consumption, successful aging, and de-
pression has been previously deemed important [28],
with those not meeting SA criteria turning to alcohol
consumption to cope with dissatisfaction and depres-
sion. One study linked NSA with low BMI [32], while
another showed that older adults who were underweight
were more likely to experience depressive symptoms
than their normal or overweight counterparts [33, 34].
In our gender-stratified subgroup analysis, multi-
morbidity showed similar results in both men and
women. The presence of more chronic diseases was
positively associated with depression in non-successful
aging in men and women. In contrast, a meta-analysis
study by Kim et al. reported that comorbidities did
not greatly affect SA [35]. The authors attempted to
explain this by stating that most of the Korean aging
population are more likely to have one or more
chronic diseases, and that individuals are more reliant
on their cognitive and physical functionality during
aging [35]. Another study also concluded that the
presence of chronic illness is not to be equated with
“non successful aging,” as older adults’ perception of
successful aging changes [36], indicative of their
health-seeking behaviors [37]. This notion is also sup-
ported by the WHO, which stated that health-related
policy goals should shift from the former approach
revolving around the prevention of disease, to a more
positive concept of successful aging [38]. Despite this,
our study’s results revealed the essential influence of
increased multimorbidity on depressive symptoms in
older adults, and subsequently considered successful
aging analyses.
Despite the variations in the conceptualization of suc-
cessful aging, an established feature of SA is that it is a
complex, multidimensional phenomenon that is not only
influenced by individual factors such as high physical
and mental functioning but also involves an interplay of
multiple variables at once [39]. Nevertheless, we
attempted to discern and compare the longitudinal influ-
ence of the components of SA on depressive symptoms
in both genders. Of all the dimensions of SA, both men
and women showed great risks of depressive symptoms
during the onset of ADL limitations in a span of two
years. A prior finding revealed that the relationship be-
tween ADL limitation and SA is mediated by depression,
and SA interventions are required to improve ADL and
reduce depression [40]. Furthermore, our results mirror
those of previous studies that reviewed the literature on
the most common contributing factors of SA. The influ-
ence of disability, cognitive functioning, and physical
functioning—three recurring variables that appear in
nearly every definition of SA—on depressive symptoms
in men and women highlights the importance of includ-
ing these variables in successful aging models [6, 18].
Moreover, our study’s main strength lies in the fact that
it is one of the few studies that investigated the effect of
prospective SA changes on depression, using a longitu-
dinal form of the Rowe and Kahn model. Despite the
existing literature on SA and its mental health conse-
quences, to the best of our knowledge, our study is the
first in Korea and one of the few worldwide to have ex-
plored the effect of longitudinal SA changes on depressive
symptoms. Second, we used nationally representative data
from the KLoSA, one of the largest panel surveys on the
elderly population in South Korea.
Despite these strengths, our study is not without limita-
tions. First, although we used a longitudinal model to detect
changes over time, we could not confirm the directionality
and causality of the relationship between SA and depressive
symptoms. For example, Kim et al. explored the association
between depressive symptoms and SA, among other fac-
tors, and the results revealed that depression was the most
influential factor on SA [17]. Second, although we used the
widely popular Rowe and Kahn model, the use of several
domains to define SA is rather limiting. Prior studies have
Table 3 Association between change in successful aging status and depressive symptoms (Continued)
Variables Depressive symptoms (CES-D10 ≥ 3)
Men Women
Adjusted OR 95% CI Adjusted OR 95% CI
BMIa
Overweight 0.96 (0.94 - 0.98) 0.99 (0.97 - 1.01)
Normal 1.00 - 1.00 -
Underweight 1.09 (1.05 - 1.14) 1.02 (0.99 - 1.06)
Number of chronic diseases
0 1.00 - 1.00 -
1 1.02 (1.00 - 1.05) 1.03 (1.01 - 1.05)
≥ 2 1.05 (1.02 - 1.08) 1.08 (1.05 - 1.10)
Note: Adjusted for other covariates
aBMI Body Mass Index
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Table 4 The results of subgroup analysis stratified by covariates
Variable Depressive symptoms (CES-D10 ≥ 3)
Change in successful aging
SA→SA NSA→SA SA→NSA NSA→ NSA
Adjusted OR Adjusted OR 95% CI Adjusted OR 95% CI Adjusted OR 95% CI
Men
Age
45–54 1.00 1.03 (0.98 - 1.08) 1.13 (1.07 - 1.19) 1.15 (1.08 - 1.22)
55–64 1.00 1.07 (1.03 - 1.10) 1.12 (1.08 - 1.16) 1.14 (1.11 - 1.18)
≥ 65 1.00 1.06 (1.02 - 1.09) 1.14 (1.10 - 1.17) 1.20 (1.17 - 1.24)
Drinking
Current 1.00 1.04 (1.01 - 1.07) 1.11 (1.08 - 1.14) 1.17 (1.14 - 1.20)
Past 1.00 1.04 (0.99 - 1.11) 1.16 (1.10 - 1.23) 1.19 (1.13 - 1.26)
Never 1.00 1.27 (1.06 - 1.53) 1.12 (1.03 - 1.21) 1.02 (0.94 - 1.10)
Smoking
Current 1.00 1.04 (1.00 - 1.08) 1.13 (1.09 - 1.18) 1.18 (1.13 - 1.23)
Past 1.00 1.01 (0.98 - 1.05) 1.11 (1.07 - 1.15) 1.20 (1.15 - 1.24)
Never 1.00 1.04 (1.00 - 1.08) 1.10 (1.06 - 1.14) 1.13 (1.09 - 1.17)
BMIa
Overweight 1.00 1.02 (0.98 - 1.07) 1.13 (1.08 - 1.19) 1.18 (1.12 - 1.24)
Normal 1.00 1.02 (1.00 - 1.05) 1.10 (1.08 - 1.13) 1.15 (1.13 - 1.18)
Underweight 1.00 1.34 (1.12 - 1.60) 1.24 (1.02 - 1.52) 1.37 (1.17 - 1.59)
Number of chronic diseases
0 1.00 1.03 (1.00 - 1.06) 1.12 (1.08 - 1.15) 1.15 (1.11 - 1.19)
1 1.00 1.05 (1.01 - 1.09) 1.11 (1.07 - 1.16) 1.15 (1.11 - 1.20)
≥ 2 1.00 1.01 (0.95 - 1.07) 1.10 (1.05 - 1.16) 1.18 (1.12 - 1.24)
Women
Age
45–54 1.00 1.03 (0.98 - 1.08) 1.13 (1.07 - 1.19) 1.15 (1.08 - 1.22)
55–64 1.00 1.07 (1.03 - 1.10) 1.12 (1.08 - 1.16) 1.14 (1.11 - 1.18)
≥65 1.00 1.07 (1.03 - 1.11) 1.12 (1.09 - 1.16) 1.18 (1.14 - 1.21)
Drinking
Current 1.00 1.05 (1.01 - 1.10) 1.15 (1.10 - 1.21) 1.22 (1.17 - 1.28)
Past 1.00 1.08 (0.99 - 1.19) 1.12 (1.03 - 1.22) 1.16 (1.05 - 1.28)
Never 1.00 1.06 (1.03 - 1.09) 1.10 (1.08 - 1.13) 1.14 (1.11 - 1.17)
Smoking
Current 1.00 0.99 (0.77 - 1.28) 1.19 (0.99 - 1.42) 1.21 (1.01 - 1.44)
Past 1.00 1.09 (0.90 - 1.33) 1.13 (0.94 - 1.36) 1.08 (0.91 - 1.29)
Never 1.00 1.06 (1.03 - 1.08) 1.11 (1.09 - 1.14) 1.15 (1.13 - 1.18)
BMIa
Overweight 1.00 1.06 (1.02 - 1.11) 1.10 (1.06 - 1.14) 1.15 (1.10 - 1.19)
Normal 1.00 1.05 (1.03 - 1.08) 1.11 (1.09 - 1.14) 1.16 (1.13 - 1.19)
Underweight 1.00 0.98 (0.86 - 1.13) 1.30 (1.15 - 1.48) 1.25 (1.12 - 1.39)
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argued that the definition of SA is too strict and may set
unrealistic expectations for aging in older populations [41].
Conclusions
In conclusion, successful aging is determined through
multiple factors, and its influence on depression involves
complex interactions that accumulate over time. Our
study’s findings showed that older adults who did not
meet the criteria for SA over a period of two years had
the highest risk of depressive symptoms, followed by
those classified as initially meeting the SA criteria but
did not meet the criteria two years later. Based on our
findings, it is of utmost importance to develop interven-
tions and promotion strategies advocating against de-
pression and maintaining a healthier and more
successful aging process, tailored to the South Korean
aging demographic.
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